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AIR SHOCK PRESSURE-TIME VS DISTANCEJ

Between the time of the first atomic weapon test (July 16, 1945) and Operation Green-

house (1951), measurements of pressure-time vs distance for atoiwic weapon bursts were con-

fined to one airburst and one underwater burst at Bikini Atoll (1946) and three tower shots at A'I

Eniiwetok+ (1948). Observations made on B~ikini Shot Able, plus experimental data from deto-

nations of small high-explosive charger, anid from shock-tube sludies, were used to construct

height-of-burst charts, fur airburst nuclear weapons. These charts were used extensively by

the National Military Establishment (now Department of Defense) in planning optimum usage of 4.

the stockpile of atomic weapons; however, in this application it was impossible to take into ac-

count all stipulated reservations becau'se confirmatory experimental data were lacking.

*During the tower shots of atomic weapons on Operation Greenhouse the pressure-time 1

measurernentsS at stations close to ground zero indicated that the shape of the pressure wave

Report of the Technical Director, Operation Crossroads, Vol 1, Report N'3, XR-156#

May 1947

+Hartmann, G. K., et al, Pressure -Time Measurements for Operation Sandstone,

Technical Director's report on Operation Sandstone, Annex 5, Part 111, (Sandstone report *

No. 22, LA-Q-25-22), June 2, 1948

4Porzel, F. B., Reines, F. , et al. Height of Burst for Atomic Bombig Los Alamos re - :
port LA-743R, August 3, 1949; Pelsor, G. 7., Overprestures Expected from an A-Bomb

Burst over a Rigid Plane, Sandia Corp,.ýration report SC-1516(Tr), July 19, 1950 A

SPrico, J. F., et al, Pressure-Time Measurements in the Mach Region, Technical

Director's report on Operation Greet~house, Annex 1. 6, Part IV (to be published)
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d~ffered considerably from that postulated from the 'textbook' concept of the shock wave.
The question therefore &rose whether similar differences might be observed for pressure
waves from airburst weapons. Inasmuch an there was an obvious need for data from atomic
bomb bursts which would check the accuracy of height-of-burst charts based upon small -scale
high-explosive shots, a series of measurements was scheduled in conjunction with the pro-

gramn of airbursts knowl-I as Operation Buster. Measured pressures from these three bursts
varied considerably from those predicted from the published, admittedly optimistic, height-

Buste
of-burst curves.

Butrshots were all at relatively low burst heights, however, and the only extensive
pressure measurements were those made by Sandia Laboratory. It was at once apparent that i
it would be necessary at some future date to verify the results of the Buster measurements,

using more extensive instrumentation. and to obtain pressure data from bursts at greater

heights. SA

Accordingly a series of four airbursts of atomic weapons, designated as Operation Tum-A

bier, wax ca~rried out at the Nevada Proving Grounds in the spring of 1952. The following -

bursts were scheduled:

Shot 1. -- A 1. 2-kt weapon to be burst at a height of 800 feet, scaled to be

comparable to that for Buster Shot Baker; Shot 1 was burst over the Frenchman

Flat area rather than over Area T-7 to determine whether the hard-packed terrain

of Frenchman Flat, which had a considerably higher reflectivity for thermal 4

The Effects of Atomic Weapon, prepared under the direction of the Los Alamos Scien-

tific Laboratory, U.S. Government Printing Office, 1950. p 4 9 (Fig. 3. 11)

tResultp of the Sandia Laboratory pressure measurements on Operation Buster are de-

scribed fully in Buster-Jangle reports WT-304, Air Over-Pressure vs Time vs Distance from

Buster Airburat Bombs. March 4, 1952, by B. F. Murphey, and WT-305, Variation of BlastA

Pressure'at Fixed Dtistances with Small Altitudes, April 3. 1952, by J. M. Harding.

:Soine revisions to the theoretical height-of-burst curves were made as a result of
measurements on Operation Buster; these revised curves are published in Supplement I to

TM 23-200, Capabilities of Atomic Weapons. July 1951. prepared for the Armed Forces Spe-

cial Weapons Project by the Los Alamos Scientific Laboratory.

SScaled heights or distances are obtained by dividing actual heights or distances by the

cube root of the radiochemical energy of the weapon, expressed in kilotons of TNT. The ener-

gy equivalent of one kiloton of TNT is taken to be 10 calories.

14 SECRETIA
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radiation and wav decidedly more dust-free than Area T-7, would affect approci-

ably the pressurer- measured.

Shot 2. -- A 2. 2-kt weapon to be burv t at a hie ight -if 1, 100 feet to obtain

pressure -distance measurements from a greater scaled height than on any pre-

viously scheduled experimental burst.

Shot 3. - - A 30-kt weapon to be burst at a height of 3, 450 feet; data from

thils shot were to be used in conjunction with those from Shot 2 to provide scaling

duta for this burst height. Shots 2 and 3 wýere to be fired c~ .'er Area T-7, the

same area used fur Operation Buster.

Shot 4. -- A 20-kt weapon to be burst at 1, 050 feet over Area T-7 under

conditions simulating as niearly as po~sbible the conditions for B~uster Shot Charlie.

As a supplement to the nucleair lests of Operation Tumibler 'a series of test shots' of

250-lb spherical charges of high expio~sive was carried out at the Frenchman Flat and T-7

areas at the Nevada Proving Grounds and at the Coyoite Ca~nyon site near Albuquerque. These

charges were detonated at three different heights above ground, and pressure-time measure-

merita were made at various distances vii vach shot. The primary purpose of these tests was

to determine whether mechanical effects alone could account for the results observed an Oper-

ation Buster.

1. 1 PRESSURE-TINME MEASUREMENTS

Sandia Laboratory had made the only extensive pressure measurements on Operation

Buster. In recognition thereof Sandia was asked to provide a part of the pressure-time mecas-

uremnents on Operation Trumbler. Extensive pressure-time measurements on the Tumbler

series were also made by the Stanford Research Institute and the Naval Ordnance Laboratory.

Pressure-time measurements made by Sandia Laboratory included reflected pressures

at ground surface as follows:

These tests are described in detail in memorandum report 5111(65), Pressure-

Distance-tie ight Data for 250-lb HE Spheres - Operation Tumbler, Project 1. 10, March 13,

1952, by B. F. Murphey; also published by the Armed Forces Special Weapon. Project as a

preliminary report of Operation Tumbler, Annex VIII, under the same title.

tThe theories of thermal and mechanical effects on the shock wave have been discussed byI~F B. Porzel in Los Alamos preliminary report LA-1406, Height of Burst for Atomic Bombs
(obe published).

SECRET 15
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Table 1. 1 -- SPACING OF GROUND BAFF"LE GAUGES (TUMBLER $HOTS 1-4)

Distance from intended
Code Station No. ground zero (ht)IShot I 1-0-P 201 250
3-0-P 203 750

50Pb205 1,250

7-0-P 207 1.750

9-0-P 209 2,500

11-0-P 211 4,000

Shots 2, 3. and 4 1-0-P 201 750

3-0-P 203 2,250
50p205 3,750

7-0-P 207 5.250

9-0-P 209 7,500

11-0-P 211 11,500

a The first number of the. code designation refers to the station num~ber, the second num-

ber to the height of the gauge above ground. and the final letter (P) indicates that the mecas-

urement in a pressure measurement.

b
At Station 205 two gauges, designated by code as 5-0-PI1 and 5-0-P2. were installed

for all shota.

In addition to the pressure measurements at ground surface, measurements at heights

of 2, 6. 20, and 35 feet above ground were made at the following stations:

Table 1. 2 -- SPACING OF TOWER GAUIGES (TUMBLER SHOYTS 1-4)J

.Distance from intended
Code Station No. groudero j (ft

shot 1 2-2-P 202 500
2-6-P 202 500

2-20-P 202 500

2-35-P 202 500

6-2-P 206 1,500

6-6-P 206 1,500

16 SECRET
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Table 1. 2 - (cont)

Distance from intended

Code Station Nv. .. vound zero (it)

Shot I (cont) 6-20-P 206 1, 500

6-35-P 206 1,500

Shots 2, 3, and 4 2-2-P 202 1, 500

2-6- 2021,50

2-60-P 202 1,500

2-35-P 202 1.500i6-2-P 206 4,500
6-6-P 206 4.500

6-20-P* 200 4,500

6-35-P 206 4,b500

Pressures at zero height (in a ground baffle) were measured by means of a Wisncko

pressure gauge* mounted face up at the center of a concrete pad four feet square, the surface

of which was flush wtth the surface of the growi I (Vigs. I I a~nd 3. 2). This mount did notdif-

fer materially from that used on Operation Bluster, wherein the gauge was placed at the center

of an 18-in, square of concrete which was in turn placed at the center of a circle of macadam

twenty feet in diameter,

The gauges at the 2-, 6-, 20-, and 35-ft levels were mountednfush with the surface of a
circular steel plate 18 inches in diameter and one-half inch thick (Figs. 1. 3 and 1. 4), oriented

vertically with its edge pointing toward intended ground zero. This mount differed from the

horizontal circular -cross -section pipe used on Operation Bluster and is preferred because it is

oriented to record pressures from any burst within the vertical plane passing through the

'This gauge is described fully in Operation Greenhouse report WT-1, Scientific Direc-

tor's Report on Operation Greenhouse, Annex 3. 4, Part 1, Instrumentation of Structures Pro-

gam January 1951, by P. A. Northrop.

tOn Operation Buster, where gauges were installed in horizontal pipes at the lb-ft height,

it was not intended to measure the magnitudes of free-air pressures correctly; the main objec-

tive was to obtain comparative arrival times for the free-air and reflected pressure waves. Al-

though free-air pressures were not measured correctly, the reflected pressures observed did

check with those from the ground baffles.

-SECRET.........
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L -\. _ Fig. 1. 3 * Close-up of Wiancko pressuare
gaugeb installed in circular baffles on blast -line
lower t~he gauge on the right is not a Sandia Lab-
oratory ga uge)
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blast line. Any errors ~ntroduced by auitles of invidcricc of iU' or le'ss (sosa result of the

burst being off to either side of this plane) woulcd be negligible,

The recording itystem used on Operation 1 utnbier was thr same ame that used on Opw'ro-

ton biuster. The Wiancko gauge circuit is a bdalarved inductive bridge supplied by a 10-v,

3-kc carrier provided by the oscilliitur anti power amplifier of the Consolidated Engineering
Corporation Static-Dynantic Rtecording Mt-awurrzuirtt System 1i ). After pas"Iing through the

balancing network and attenuator, the output of the gauge as fed ui turn to ani ampijfier, a de'-

modulator, and finally to a recurding galvanomieter. All the equipment to1 operated on 110-V,

tier, demodulator, and galvanometer, ih suCh thAt when A bquare w-ave prebsure change a% ap-

plied at the gauige, the galvanomneter rubliondpi to withiti 9") per veit of ith final outp~ut within

* 0.8-1. 0 maec. Respotibe of th! -%yatein ib therefi.)rv slightly fabter thani ont- inbec. Statedj

another wsy, the systert h~s a frequency re~pozisr of 500 cps. anid dainplng is aplproximattvlyf

critical.

Calibration of the tiNistem cunitited min applying thrvt' or four' diffuretik stiatic' peis-uesf
to the gauge after it wau. intitilled in the firld arnd recvording thel corrt'sptptiding g1alvaionwter'

dimplavenierits on photograrphic paper. On~ the fir-st shhu onlyv t'ine valibration wari pt4%Phhle; on I

Shots 2, 3, and 4, however, all Ovh.intirls were ret ~alibrater wit ii tucu't-tFivr vuhlhratiouns var-
ted by less than three per cent, Trhe calibraitnio ,;tanijrid ua bourdon-type nimechanical gauge

which had been checked in the laboratory prior to us' in the field.

The timing standard was a 50O-cpt; signal from ar crystal-controlled oscillator. When
tefrequency of this oscillator wax checked following the Tumbler seresg of shots, it wan

fudto be 0. 6 per cent slow a-t compared with thn 600-vprý lonue transmitted by radio WWV.

All times recorded are the uncorrected timelt ol)Wnrd from the oscillator.

A Telereader was used to convert recordfed dmata o tabular formi. Accvuracy of the Tele-

reader In considerably greater than that of the 'rahbration procedure or the inherent accuracy

of theooer-all recording system. Recorded deflections may' he read to an accuracy of 000O2

inch; maximum deflections, correspo-ding to peak pressures, were tisually in the range of

0.,5 to 1. 0 inch.i

It is doubtful whether the ove r -all ac c vracy of the fiel d instalIlati on \ ias greater than ~.

lieved to be within 10 per cent.

20 SECRET
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1.2 TEST RESULTS

Data from tIM four airbu"sts of 4.,wratuin Tumbler have been summarized in Tables 1. 3 -

1. 6, compiled from plots of the Telereader tabulatiois. In addition to the peak presstres and

* arrival times, which are the quantities most accurately measured, positive and negative dura-

tions, positive and negative impulses, and maximum negative pressures are tabulated.

Figu'es 1. ,5- 1.68 present cvni••ite data for all pressure measurementa on Tumbler

Shots 1-4. Note that the data ubtained by Sandia Laboratory are esraent•lly in agreement with

those obtained by the Stanford Research Institute and the Naval Ordtiialc Laboratury. This

agreement and the results ubberved on Tumbler Shut 4 have tben interpreted ais vonfirmatory

evidence that the pressure mie•burements made on (Operauci. Buster were valid.

Pressure-time cut yes for both the ground azid touer gaugies fur Shots 1-4 are presented

in Figs. 1. 9 -1. 16. Figures 1. 9 attd 1, Itu hho, rib. timeh for the, close-in btationt on Shot I

& that may he alightly in exces of the time re u,,ise of the hYstem, which is one millisecond.

SThe curves show some evidemre uf fluctuat imn at the jpeaks, the cauie' of which ip not clearly

understood. Other interesting feature.h of thrse turves are the orcond positive pressure ofL small magnitude following the negative phabe. and the p~eaking up of the preisure in the latter

part of thim negative phase (this peak Mt the far-out stations, develops into a small second

f shock). As can be seen frtom Figiý. 1. 11 atid 1. 12. the curves for Tumbler Shot 2 are essen-
• ftiltly the same an tho.%r for Shtif. 1; hwarerr. w.heit cotnlarinR curves, for c-orresponding Met-

tions and heightr, hear in mind that the ditances aro nit ihs, kasme. The curvewfor bhot 3

(Figs. 1. 13 and 1. 14), which show. onl the positive phase of the pressure wave, do not differ

appreciably from those for Shots ), and 2.

I Pressure waves observed on Shot 4 (Fags. 1.15 and 1. 16), on the other hand, ore similar

to those found on Operation fluster. In their departure from the ideal they are the most enter-

taining of the lot, In Fig. 1.1 5 the pressure record labeled I-0-P has been plotted from zero

time to 1, 4 seconds after zero time; the small initial wiggle immediately following zero time

and decaying to zero at 10 maec is a transient electromagnetic signal, not a pressure, and is

associated with the strong eleetromagnetic radiation at zero time. The gradual rise to about

7 pet at 0. 12 second is independent of the shock wave and in discussed later in this report un-

der Preshock Pressures. The first significant pressure increase takes place &1 0. 28 second

'T se graphs have been taken from the Preliminary Report of Operation Tumbler,

Part II - Preliminary Results and Analysis, TC-1052-0, prepared by the Armed Forces Spe-

cial We•apons Project (no date).
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and may be Identified with the so-called 'precursorf (Fig. 1. 17) observed in photographs at
staltions as close as in station 202.

This precursor, a forerunnier of the main pressure rise aseoctated with the primary

pressure wave, has a slower rise time and smaller amplitude than the main shock wave and
to absorbed into the main shock front at a distance of approximately 2000 feet fromt ground

vero. Formation of a precursor was also observed on Buster Shot Charlie; pressure-time
records indicated that it formed at some point beyond 400 feet* from ground zero and was ab-
sorbed into the main shock wave in the vicinity of 2000 feet from ground zero. Re-examination

of photographs of Buster Shot Charlie seems to corroborate the evidence of the pressure -time

records, photographs also seem to show formation of a precursor wave on Buster Shot DoS and

do show the dust pedestal associated with the presumed precursor on Shot Easy.

A suggested mechanism for the formation of the precursor is the absorption of thermal 4 .-. ~
energy by the ground and release of water of crystallization by the constituents of the earths

crust, causing a sudden evolution of a relatively large amount of heated materials The pros-
once of this heated material throughout the region above ground level is presumed to affect

substantially the progress of the shock wave through it; it becomes a region of velocity dis-

persion. Since the postulated temperatures are high, this effect is a strong one, and a fore-

runner is clearly possible.
Ordinarily (except in the region where the Mach stem exceeds 50 feet) at stations where

pressure measurements are made at levels above ground level, increases are observed first

at the highest level and last at the level nearest the ground. On Tumbler Shot 4, however, ar-

rival of the precursor at the various levels causes the order or arrival to be reversed; for in-

stance data on time of arrival at Station 202 (Table 1. 6) indicate that the precursor arrives at

the 35-ft level 17 milliseconds after it arrives at the 2-ft level, This 'toeing out' of the,

"wRes'ults obtained by the Stanford Research Institute on Tumbler Shot 4 from gauges 05

1: ~(ground range 233 feet) and 2B (ground range 260 feet) were similar to those from Buster Shot

Charle in that the precursor is not evident at the stations close to ground zero; theme results

are presented in Preliminary Report - Operation Tumbler Project 1. 2 - Air Pressure vs

Time, Stanford Research Institute report SU -Q- 12, May 9, 1952, by E. 9. Doll.,
t~ates, J. J., et aI, The Thermal and Optical Characteristics of Nevada Sand, Material

Laboratory, New York Naval Shipyard, report No. ND-Q-63, May 12, 1952; see also Bleakney ~ -

W., Interaction of a Shock Wave with a Thermal Bounidary Layer. Princeton Univ--:ýrsity Shock

Wave Laboratory memorandum report, January 11, 1952; Porzel, F. B. , Height of Burst for
Atomic Bombs, Los Alamos Scientific Laboratory preliminary report LA- 1406 (to be published).
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Fig. 1 . 17 St II from mot ion p trofsckwave, photographed at St14Iton 202 on

Tumbter Shot 4 by E-1gerfon, Germeshausen and Grier for the Los Alamos Scienlfic Laboratory
project fr mass im.~on pholography Theseý stfls are spaced at 8-frarre mntervals- in frameI

the precursor is entering at the. lowe'r right, and in frame 3 the reflected preu~sure wave ap-
pears at the lower right, In 'trame 6 the precursor appears to pass through thf- lop of the 50-ft
tower and exctends iust beyond the base of the ITATO smoke cloud; the incident wa~ve has just1
passed the smoke puff immediately above the JATO cloud, and its intersrction with the reflected
wave to barely visible. In frame 8 the incident wave has flattened the top right side of the JATO
cloud. Note the dust rising above the ground following the precursor arnd preceding the arrival
of the incident and reflected shock waves.
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* precwsou' wave in clearly *vtdoat in motion pittures taken at Station 202 On shot 4. The

tower on which the gauge* were- mounted was blown down by the blast (Fig. 1. 16), .4dth

* record (Fig. 1. 16) terminate* at 0. 69 second. The pressure wave exhibits violent oscilla-

tions (indicated by plotting maxima and zmiatma fur 10-mrsec intervalti) whiich may be attribu-

table in part to the presumably violent motiun of the tower asi well as to turbulence within the

heavily dust-laden pressure wave. Figure 1. 15 ib iA ntireti sainly because- it illustrates the
recovery of the shock wave. beyutid Station 205 the shock wave has a normal appearance.

_-A

Thus all shock waves for Tumbler Shots 1, 2. and 3 are of convent~ional appearance ex-

cept for some chopping of the peaks and somewhat slow rise tinies at some wtationb near

ground zero. Tumbler Shot 4, on the other hand, produced a prebsure wave that differs2 R

markedly in the overpressure region of 8-60 psi fruni thosv of the other shots of the series

and resembled more closely thosec ubserved onth rehueadflse ht..U
the reenouseand lustr sht4.

1.3 HEtGH1'-OF-1lURST CHART '

The Tumbler-Snapper series of teVit tshots '

has contributed more than half the da~ta for an
experimentally -determined heght -tit-hursit

chart. These data were combined with those

irom fluster measurements, the cr~enh4_-..iV

EasyShot, and the Jangle surfac~v shot- to Con-

struct the chart presented as the frontispi-re

to this report. All points represent experi-

mentally determined pressures from actual

bursts of atomic weapons, to which altitude

corrections have been applied. Distances have Fig. 18 - -Posi-shot view of gaugge

nd tower at Station 202 on Tumbler Shot 4, whichbeen scaled for both altitude andyield. 'was blown down by the blasi. Note the broken

Empiica ortheretcalheiht-f-brstbaffle plate in the, foreground; it in not certain.1whether this is a Sandia gauge, but in all prob-
curves, such as those based on measurements ability it was blown in from another station.

Howard, W. J., and Jones, R. D., Free Akir Pressure Measurements for 0peration

Jangle by Project 1. 4, Sandia Corporation report SC-2261(Tr), February 19, 1952 1

tSachs, R. G., The Dependence of Blast on Ambient Pressure and Temperature, Baulls-

* tic Research Laboratory report BRL-466, May 15, 1944
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MVVJ 411f3tR1 h&OZpOV10v sbots aMd presstod to L.A-743R and $C-1516(Tr), be" bee
4eliboewtsiy amMttd asbe*#g prejudicial. Thus the now beight-of-burst chart pr"aeuts taftr-

aUGO hesed only al data from nuclear osplosaios.

There are still no experimental data for scaled heights of burst greater than 1000 feet..
As cant be seen from the char-t. then* data are needed to establish the burst heights ufhi4* wAIl
give areas of maximum radius for overpressures of 4-8 psi. In particular, a burst at a scaled
height of 1, 250 feet would provide valuable supplementary Information on the Glhepes of the~iso-4

bars for 4-8 andperhaps 10 -Ia psi.

Tumbler Shots (1.* 19 kt) and 3 (30 kt) produced strong evidence regarding pressures at
scaled heights of appr tely 1000 feet since measured pressures for these two shots were

essentially the safte as e*qbIscaled distances. This agreement leads one to concludo that it

Is valid to scale pressure -distance curves over thie range of I to 30 kt for bursts at a 1000-ft T

scaled height.

On the other hand, although the scaled height of burst for Tumbler Shot I (1. 06 kt) was

selected to be the same as that for Buster Shot Baker (3.4 kt), pressures for Buster Bakqor

wre considerably'lower than for Tumbler Shot 1 at equal scaled distances from ground zero,

Similarly, although pressures measured for bursts at a 400-fl scaled height (Tumbler Shot 4

And Buster Shots Charlie and Easy, 14-31 Ict) are somewhat scattered. they lIe well below those__

anticipated prior to Operation Suster, It is currtntly conjectured that theme discrepancies in
measured pressures are at least partially caused by the thermal effects associated with the

formation of the precursor found on shots of large yield at low elevations.

On all shots of the Buster and Tumbler series at scaled heights greater than 600 feet the
2thermal energy has been less than 90 cal/cm at ground zero. compared with a thermal energy

in excess of 300 cal/cm for shots at scaled heights in the vicinity of 400 feet. The thermal -

energy at ground zero was quite small for Tumbler Shot I and Buster Shot Baker. being approx-
2 2irntately 55 cal/cm for Tumbler Shot l and presumably 70 cal/cm on Buster Baker. The superfi -

cial ground surfaces over which these particular shots were burst were quite different: Tumbler

Shot I was over an almost white surface that was relatively less dusty than that for Buster

I Baker. which was very dusty and of darker color. Whether the difference in dust and reflectiv-

Ity would. per so, account for the marked differences in pressure is extremely questionable.

Pressure-time records from Puster Baker and Tumbler Shot 1 are similar in that both are

almost Oideal' shock waves and neither shown any evidence of a precursor such as that observed

an Tumbler Shot 4 and fluster Shots Charlie and Easy. Discrepancies between the pressures

measured on these'two series of shots are therefore as yet unexplaned.
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T%0 enea~t d th pbsSMOV&m qbservod an the Waster and Twxbllr series Wsem to
aiesate ftht Od^Ua1 dta Joe bembs ot variouis size burst at intermediate he`1ight" a&e*"*es

s~yit My Vj~Ud eqlmattin of these anomalies is to be made. It would be InterestinS to Oh-
serve 0 pertaeostay th offsect ol thermal energy an the behavior of pressure waves by burst-j
lag a i-ht wespce ate aheight of 400 feet and a 15-kt% weapon at a scaled heig~ht of 600 feet. The

"aproximate thermal energy at ground zero from a 1 .k yield at a burst height of 400 toot

22
Igo calt)ma.

The answers to questions posed by these observed anomalies may prove significant in

t*A interests at the Departmeint of Defense. Zvaluatiozi of war damage as a function of distance -

from atomic explosions is currently possible only on the basis of the Iliroshinia and Nagasaki I

bursts. N4either the yields nor the buarnt heights for these weapons are precisely known.

Measu remtents and estimatis uindicated that the radlochernical yield of the, Hiroshima weapon

was between It and It kt and Its burst height between 1, 800 and 2000 feet. Similarly, the

yteld of the Nagasaki weapon was betureen 22 and 23.6 8 t and its burnt heghbtwn140

sai 1, 700 feet. Scaled burst heights for these two war weapons wore thus 575-6 10 feet for the

Nagasaki burst and 730-900 feet for the litroshima burst, An the height -of-burst chart

(frontispiece) *how*. scaled heights for these weapons, from which 'We have the only evalu-

ation of military damage. fall In~ the repton where indeterminacy of pressures is most pro-

nowiced.

1. 4 AUXILIARY PRZSSURE )SIASLUREMENTS

An opportunity was presented in cmwqunction with the pressure -tirne measurements on

Operation Tumbler to make some auxiliary pressure measurements that would provide experi-

mental data an related problems, for example

1, Variation of pressure with smnall altitudes at several stations on the

blast lin..

2. Posehock ambient ground-level pressures at several distances from

ground zero.

3. Decrease in positive impulse loading as a function of distance from

ground zero.

4. Behavior of the pressure wave at comparatively large distances from

ground sero.
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lpvqeWs obsryd 4t *9v sitludee 0. a, 20. 4" 36 Oet) AbOe the auftee o1 th
giroai have been plottod to an .mpwmf4 Utim scale in Tigp. 1. 1$-1. 23. These pftaoewv-

ounwei meawememts8 hwv permitted Sam interes"# ag oeevatlnam; for usslamo. tram these

pUMt the heitht at the Mach stemn W been computed graphically at two distances (stations

tft OWd 20) an 04M* of 5kots 1-4; these compuated hetigkhts are preseestd in Table 1. 1.

Table 1. 7 -- COMPUTED HIIKIOTS OF MACH ITEMJ

StationDistance from Height of Mach -

Staionarond efotJt stem (zrazphcal) (ft)

shot 1 202 ISOO 4.5

206 1,577 14.5

Shot 2 202 1.376 .

206 4.375 >35

SWot3 202 1.4040
206 4.,401 0

Shot 4 202 Rise was too~ slow to determine height of Mach stemn

206 >35

In he wo nstnce, i whchthe height of the Mach stem exceeded 35 feet the Mach

wave arrived simultaneously (within I macc) at the four heights and could therefore. be assumed

to be verticail to 35 feet.

It to also possible, when both the free-air and reflected pressure waves are observed,

to compute a reflection, coefficient and compare this with that deduced from the theoryt for

Note that the observed refleectlor coefficients correspond within 10 per cent to the theo-

retical values. It is difficult to determine. in view of the jpaucity of data, whether the fact that

*~i-air pressures are taken from the initial rise por~tion of the pressure-time records

tow the VaWicas stations.

tPomacbeeik. ff. a nd Seegor, ft. J1., Regular Reflection of Shock. in Ideal Gases. Wavy

Uswpau of Ordnance Explosives Research report N4o. 13 (DuO ER- 13), February 12, 1944
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Fi.1. 20 Pvqesure-tim c-urves for Cauges at various heights
at Station 302 on Tumbler- Shot I (April 1, 1952)
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j~ r~ tem retleton eoefftlesa ore to general ona am Sht 3 and law an Shots I &Wn 2 has MaY

Table 1.5 - COMPARISON (W OS5ERVELD AND COMPUTED REFPLiCTION COU1FICI3NTS I
P IF for aAverage F

observed given (fo
PP P /'t't P /PT

Shot I a-51 . 111$ 2.40

I 2-2-P -- -. 15 2.3 j
2-6-P .2 14 19

2-2-P -14,8

8-35-11 2,75 6.3 2.26 *

6 -20 -P 2.9 7. 2.42

6-6-11 7.5 2.3 5 2.5 bb

6 -21 -P 7. 2

I Shot 2 2- 3 5- P 2.2 4.8 2 1R

12 20-'P 2.. 5.5 2.10

I2-6-F 2.7 6.25 2.3) .2
2-2-P 2.7 f;. 2N 2.31

S Shot 3 2-35,-P 4.1 10.3 2.52

2-20-P 3.4 8.3 2.452.

26P 4.0 1(,. 2 2.55 2.552.

I2-2-P 3.5 9.4 2.6 fi-

6-35-P 2.5 6,4 2.55

I6-20-P 2.4S 6.4 2. #1
j6-6-P 2.35 S.8 2.47 3.55 2.3

6-2-P 2.25 5.8 2.57j 1. 42 Preshock Pressiuresan20tomaueaylgehaesnabetprsreht

On each of the four Tumnbler shots a presafure gauge was placed in a ground baffle at

might take place between zero time #a-d the time of arrival of Owe shock wave. Because of anj

4. SECRET
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'electrom~agnetic tranbient, at zero titiie Uebe gaugvt were isv~A14.y itot opt-rative until aboui~t

zero time plus 10 milliseconds. Table 1. 9 hast& the rnajk~imur ga~age jprv&vures otmerved at

these stations during tb.. time interval jurior IU arrival ot the ),hock wi~ve.. These Pressures 4

are %be recorded departures fromi ambibent (ie, altoiý*,plwric) pressures, The~ pressure gauge

at Station 201 an Shot 4 a~sc recvorded an vlxcm-s ti to 7 pti (Fig. . 15) prior to arrival of ttv,--

shock.

Tiake 1. 9 - - MAXIMUMv~ PRESHOCK GAU(V)K. PHSSuR)LS" 'k,

Station 200 Station 204 S tation 207

(psi)

Shot 1 -0.3 ~0. 0.3

* -Shot 2 0.35 -Q. W1 -0.01 1-
Shot 3 -0.4 0. 03 0.03 AM

*Shot 4 .20.07 0. 04

f -tt -tthese pressures may nuot be at,1AIa pressures is discubsed 'n the ¶3t

The~.~re ashwas smqusto 180 .Ith the eorcurvablq' that e thy Tah 1.9t rftepresen radiuatil

and the resulting large temperature gradient belwee'n the o-is~de and outside wallb of the bourdori

tuNe miight nause it to twist in some mannPT.

Upon recovery of some of the gauges used on Shot 4 the glass fiber with which the bour-

don tub. was filled was partially scorched and fitzed, indicrating that the intial tr~nsient tem.-

SJacted to, a control tgst in which the transient thermal conditions were asiioulated, These tests

was *ttained by focusing sunlight thrOUgh a lens 4 inches in diameter, and when this radiation

mia allgwed to fall upon the eqzposed wall of the bourdon tube. tranisient deflections were noted. 4

This mosaltaeles of these deflectionis were even greater than the measurea -reseures listed ill
I -ýble 1. 9 - in.u fact, deflecticwi* were as great as 20 per cent of gauge range. The deflections

-~sved an vall but one Sam&e were negative; this gauge was a 10-psi gaugoe (not used on the I~ -

'Tumbler teats) in whtich the acourtic&. dari ing material was undamagd, and both positivean

A~

~~10.
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5Uvtw iefletCiQn Of0. 011 Psi Were obtained. Moreover, it was found that the deflections
"Wisd bY the""a rsditio Were transient Bigmaa at ame seC4md at toner. Titus it baa b~e"
found tha thermal radiation, can cam". what appears to be a 'preass~mO ehange as read an the

~W~as~.preeWe ~Bp and altoush it can not be deftnitel~y established that the pesitivo
'elbtone noted in the field, particular)y thoee of 1. 3 and 7 p51. Were attribUtWA#Le othr

radiation, neotber van it be asserted that those defloctios were caused by actual pressure

WMUused to measure presock ~presures# wee ofi course, eotapiWFBUly more

eonsitiv* than tboes used to measure shock presstarvs. Therefore it would appear that eacet

19r the dollections of 1. 2 and 7 pal tUe deflections observed in he fbold wou)d constitute so
small a percenitage of measured shock pressures as to make awg~ligill any~ error in shock
Pressure roaduigs. Moreover, the siue-oo gauge* used to measure anoccpressures, &.replaced

..t riht angles to the Inipidont thermal flux and would not bexappreciably affected by thermal
Aradititon. In similar future measurements the senistng element should obviouslyb sooint
*d~as to preclude any interference from the rmal radiation.

1.43 Pgoitive Impulse

'Th quetio has been raised. regarding Tumbler Shot 4 and Buster Shots Baker and

jCbsrlis, vihether positive impulse as n, functiokn of distance is decreased to the sam*e~ - -----

as are the corresponding pressures. It has been found that when a reduction in pressure re-
- Oultingj from a chopping off of the peak pressure is observed, the duraUti of the positivehas

to likely tOk be r*1at~vely greater than that correisponding to the "sae pressure for an idealistic -

f shock wave.

According to the scaling lqkw, at distances corr#2spo~ndin to a given proesuwe for viary-

*ag: yield IMW imptglses will Lx In the ratio of these distances. it, in the ratio of the cube roots

of OWe charge vrigtos. Since scaling of pressures over the range of yieuls for Tumbler Sbtut

2 and I appears to be valid as based on mneasurements of peak pressure, the scaling of impuilss_

computed from *xperimental data should likewinse be valid. The pr~uesre-distamce cufves

gave a pressuin- reading of 10 psi at 1. 350 feet from grcoind xoro on, Tumbler MetI 2 and 3, 110
feet fwou round sero on Tumbler Shot 3; correspondiag impulses at Owe diatsamn were

"<K .putetobe0.9.ond3.Ot0.3pel-sec. Thus . . - .i.

1T;I 0. 96 38. 11psi-sec

-and~
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Apparently within the limit* of accuracy p,)sble in determining impulige thib ind of sealing -3

from Tu&mblmr Shtio 2 to Tumbler Shot 3 b di

When imp-s *rspapotxed again*% slant rangt on Iv-Iog ~pe~w t~ 1, 24), thtic ~ite

* vokues of =V4ia feZ .4n a 5ln nwiuhWvlv corrt~povid to *Tx W ' The

ýmpls*, s r'ledfym ,'_ýorved .mpwi-e Io . t5kz (Tumbletr Shotb I oiid 1), aire plotted

and lab*Ied with the aSsumned yield ubeA it4

Values of PoQAtive irnpitt~~i~~ bý, aleauruilig lotvt tic u~ndt'z' Iti pt-c surt -tim

curve (positive phase) %Asxrg a ptanirne,ý z tuive Als~o been plut'rd htt- I umrblrr Shut* 3 Ovid 4 adnd

boaiter Sihot* V5akoer and Charlir. It w_,1. be' noed that On- njiý*i .st. d impolibcb arr lower than

Sthose determined from the výaiqr ,ýrvtra,. Imlbutlarly at bm"11 iai lanvie4 from ground tero.
However, a comparison of tfl1puiwra arA -,fr 1reriii.1-ji put-bbir. t, rcevvidht lhalthe decreiise iti

-"plsei* not, sogrjeat Ab ")At Mn preolbkrt I hr- 14g! m4, Vt l'-AiorArd by plotting prressure 'A
vsipulso as~ observed on 1 UMbleir StiAf 4 'At, ptsr-, N t~w$ *a2iId

from data on Tumbler Shot I (F14, 1 25). A~ mtv:rnb bre !t- on) 1hit, ji¾w, impulses observed 1

from correspondting pressure-i atre hii~torr t)y ai muk. h 38 ')CI I't v,11 th.-11 lhosic W1;Ch art. 7

oetled. StAte~j4 ntth,,'r wav* the ivpai;.ýv f4-~ of U-611ondivit V1ý w4r~ rk, not reduced tbelow ,

thescab oled 10u- be y Cevti muhA,*r.tcbea ,o h o

pOressure. Ond il Softset a~ prf nie. of en Ill it fijhq r ved 4! i~ prvi~thir, pof 12d00 fotel. ui-

onessur te. obgerved 1.24whow t ci's 8 p e 4,trnise c~vrqejýi0'1 h(olf-dta toslaer p .redctevi fro e-

wai ee i h mpulse atrtterioistaere asse tobemoe ald thi hJ, .ýA2 1 anth, pbrea pressue cr. 2

1.44oc Pressur Mactuaresents at the Conro I31Lpon f i. Sulc Ps, Ii 0.41ket blIpls a-

tossbseoly 0ers viwiignt- la xlsosfo at~cs fapoiaey1 ie,,a
F onrom tepo~int of vliew of thtoy evadaPoizgr rouns, onatvil evehral occasi4 ons hav h~ea

pus sa ai crterono dampuls asaig 1wek re de o thiev ri of tlatileid Mude byul the

sce Fre pcaln sotaWi , erapinsta Phroet is coerepariong i the -ffectivenvai Re ofth . pressure.

vmt vn f h ipus cieronwreasune o e oe aldthnth pa pesue r-

terio fo aae

Presure easuemet a t th C~mrofPoin in uccaPas
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snft hr nob Ow thease .*I Owteblsr4sampper series by seemst Es tame pewfltw

vbp awW tow Ir# 94 P ate wwat"ký

446 qom t wa *obun an~re. ~

lSprwww"rUaw flww# "m Prosen' 144 Sj. 1. Two SW tat UW9sW bofhJU, s

srybs so bese by as observer) me the petest sabeor Okobervd an any ueý sOt (Sht 4).

The pnsswetiae curve for We sOut $hows t*wo sbrqfl traaisitkossi prssre o &e at

*#OgtUWtagt Owe shock wave sd the othe~r I&so Owowerta pbsse. Owrng these two tramstttobb

-~~q ---- 'e ht*frl-n cames1
mnm* Ns, lw r.qfe .p nt fw~o~ "Sak we!* yreu rt~i ae

-71*rg Initi l sprnenl ohs 4rme rop s 5, 4" an7; the Curve for $bot a shows an

fld 44ft$OS i VArNg th"ist portaon of the soc~k wan* wtaicl sugget5 %ht# 4.veluwti %lf of en

aonstc s Is~.1 to internttngd to noteo that thi oscllatton isb $.ace at a preesore"-W

-pltVW sGOV" Uflsia thtat o the analleot sapal rWýNord,. afhich wanG. 004 pit on Shot 3.

is 7. 1.? oberad peak prwr.s%bresoe* plotted egatnst dal s / ".Te nl el

itcstu o bedrawn frost thi curve is Othea straight line drawn throtuth four of tbtý,1

p~ts ~l taUeat msaXuiwi Press ures to be anticipated f or variouas scaled distanceS beon

1100fet".b wieuMOIuum pressurv to filchOw, Control Point was mexposed, 0,37po op

J Was 1weOf, short dWrtOMO and droppe to 0.,0 pal w napprosin~tely S0Oi nltsecaonds The

utown poefliw Impulse wasoberved a" Shot S.

thee eaurm~enta nadht Conceinably havepractial. application to theMOap of ad-

tonatl structresAnA the Control P'flt ares since pro*sune loadings are not so Ms -hadben-4

attipaet stes heorigIna structeres we-re built.

1. 45 Pressure Measurernents on tumbler -Snapper Shots? a nd8

-'- Is cbectios with the prsuemesrmntS and feasibility tests ant *Win $sxftliwP~ts

.06"t

"",Giuree Intermediate between the. bleast line anid the Control Point are discussed by

V.L,. Merrot inaohrrprt of the timbler-sflprer series, Air Shock Preesures as At-'4

4 ~w. A. a .t* reeee asd tath tris ubkr4.me 'w~
coNk

ýwan 4 w C nt "4"r. 4,4N

7usbie~~~~mppz-r xq.t 76(oh ~ae
. .y .....

F.,
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SECRET

a few ftve1viUM of Pregam ivers made an Tuxabll -Msawpr Sht I ea" 4. 1A~em

*aprenr Wve i,& rmt oc&*54 &on Croe~ouse otwervatuuns vas smployomL

Tb. tS&1.wmig tab* ahow doa serv*4 paaewrma 0WqPsr4d with the proasures from
see responding scaled distum* st Oreenhivus.o. Observed peak prosaues f5or Tunmb~w'

Snapper bevo be" multpi,"e by yto provide ani akiutu4t rorcUou; the dounes. of the
pSo P5" poe~e ober as C2tI55ouse boa kievi *%-.aed by the yield ratao(414?10 1 3to pro-.
vtiag 000W *40ets... for ame pross uirsoiUs%*&

7 Table 1. 10 -. COMPARATIYKC PRI.SUVRLS FKUOM TV MtItK-SNAPPER SHOTS 7 AND) I ANDJ

()RCE"HfOkist 5MOT EASY

Pressurv aI Pressure at

T-7 13.4 1 to7.

T-4 14 4.1 ---

Oreefibsau Basy 4716*,

hto Interesting to note thai Owe clostin 1wressure irshibiled a s-iao tme of tbe ordler of

50 mscc. 'The** nwasuromente ar* hardly caexineiv enough to compare percenittp of yield

.4oak irft -At.

C094CLWWt M4D RZCOMMEINDAT1O* ncMeun amlrwwen5og

Vr~wuMWn dte oWtaiEnd by Sand is tLs-ratory nOesanTmr es ktol
in eessaI agpeement with those obtained by rtAwr agencits from th same serieso dbefts butj

Wsmisi Iaseursi. to corroborate similar daaoband nOeration Buster. Itb hleirefore
boes esmluied *tpreasurt mewm'rementei on 0peration luelter were valid and that daft from

*we tm wo W*m of tests can legitimately be used to -astriact a heigh-of-but-at chart Woodasie

*Me m efte expertmmta~lly deftrwitnod pressiures.

Dioeomevr of the precursor ein photograpbs of the shock waves frowm Tumbler U 4 WuW

whas appeere to be a priecursor in photgraphik of Buster Bhols Charlie and Dog has iweI

fgh elm sKui whe woosd in emjuftction with thermal and pressure measurements. **y eqpsplas

saeaa~me piseme. ob~served on tbove shata. Observations such as these have Made it

~ iesr tf a bIt~ot-bwet chart for maclear weapos, to be dependably soceurste, b"Mith
AfteatWSUU 4eftorained presw ure fromnclear meporm.

_2
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ft Sto mnemiti ft ve~e a s .mufts s mina Ow Vew &V by %I. 0.Fawy WM C

"'nb WNW IMPOOMiin and X)iWpsebj in" PUad an .eeh &WOsts *

0"m cemi spO M" w am" We dma by apy alsomn " %wrba"~ poait &a eiSf

*bW" ti wats dasired to ratie. TW e aef of Me bMart &a"& ag s ouietly

WhAt Predicted." ~

Uvidently the accuacay of dotersmiumt of ev petkowvo atid target deam& caess&dr*4

$*IdtWWI A flw YearS &V (fit 1e06M by tOW abbov a&tbOtO~ 4006 Viol satisfy PMOOea reqwrMeMOW

which mset clearly be ccmaiderably mwor atwianet.

To predict ove rpreaaaaes aui tcons apprujri&te bu&r*1bt heigts trm mhe btoet-4bUaMt

sheet, it is tasportast that this ch~n tbe coimplete. AitUmmo amotAsrable ~wiratlom baa bea_

&Oqvred recestly. it woulId appear drotrable tu conilete, the t&*k ad.crtia pressuare-

diateace-heighl data by carrying out u&'in, a4ditavna tootst:

1. A burst at ascaled height of 1. M~ feet to establish te 'knovas in the

hetght-ot-b'iuel curves for evvrpressurve of 4-8Spat A4'par~niy. since Tmambker

Shaft I and 3 scaled sataafacturily. say yield in the range of 1 -40 ki would 1W

2. A burst hawing a yieW4 of IS-50 kt at a scaled height of approlunately

7OO feet to defterwine whether the 1eleteriuuoa effects abacivwd an Tumbler Sho 4

are observed at this scaled hesight when Owe bom~b yield iok large.

determaine the extent towtucn those deleteir ivas effects are observed for this low

yield and low burst height Presumably n" thermal effect woumld be observed for a

burst of a I -kt weapon at.a height of approstinately 450 feet.

Theso lest two tests shouald providle needed corroboratory data for that rm#gs of scaled boret

heights ini which o~lest effects are riot so precisely p-*dictable as for greater scaled hIghts.

RIMWedited by H. A. Rethe). Los Alamo* v-epwt LA- IM, To: Mi fat" W
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ht has &lI" be*& mtode thai poitive umpul..a are somewhat #muIner when Peak press.mr

are laes then ideal altbovo th perceotag doer"a&* to not so large wben it as cmwtd~rw that

the peemese. asi of Umpt 4aUrt. However, it &* reiterated that tte *stwnt to which *0

*etmp"usmjIV Weee, decreae" in impulse offeto.O l. ota La Iwak preosurt can only bo deter-

'.mined Irm a detaal4 study t tOe rolativt merits of pcahi prevsurv and poasltav iPlapol as~

i map er-tev.
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APIV'?ItX A

The I'Vi1uvifte pal-Wftsi. uf mr~ Vie.l~as* Iff1r-. to 1ftiaktrlit lI.D..vz. U.'. () li te Proving
Groureds D-epartmer'. u1Wi*r the o~*.* f Mr Hi k. 1.rnamdrid, jx-t Iorniedit't ta-4i% ~
ttan and csittruti, of ttv. presioarr gottq** *.1 auiL41Lr% %At~u .t~' ~ed Itr %tit o, ~ i~i

BACe. J U .*a to ninst~a.at.oP. *trI. %ý *I 4.'!o i 5i tSi ct
15oninger. N. C' . in.tarip uf *¶aw n(~jtir.Iuvit .ft %A ir~iollg V-uliktl m priý'

Coinnjainni. C A tv nx a a or a' ~a;.#%i ae4 tu .. vi u! t~ ti k1i I . w,~illr V n
Vuinchurn. W A n targ. 01 . ftt. to ki copb (iPu-Iitim uII l

Korbv. A J P:r T , A n 0i.414 %Jof ~ at~1 lt~ N .'ikkili i ~l 410 (lifig k tu.3.tleit-11, Opri-A6114it;

M.&rwrt. R. . TI'S. ansaae,ý wih naflt.x Ir-tiw it *...igv-ý
M ilitan. ft . D~vý -)n' S-.p.r 4i 1 r in~ t.?ýrp~ . .Iii.k Plfb lo t f.'i C o I k1.ti 1 'mi~it

Myors. V, V .in t-hiart 4' -of~t~a kcý. t, fi ,-in gitugu, i i t tort oii g cquiliistiu t ftor (.)li co -

lionw Turnbicr -Snappe r
wrn .W, CR, ,t ftgisale4 with aia~Eri rd ý li kopu¶ itr - urdanrk ti-qui).ttactil

Pr~t~~ttIt. rt -herg'i- 4 ofn iA ait,;r fromt gaugaeu lt y# er ding v'~qmrsn~vnf Opi.Nru

lion SnApperj
* Rvia. G 1P assmeedi with a ,rAA1cai.lit4'tt,.o (f C"uj-rn

phwrtbeugh 't ~.~on iwer O *r&,iov% IIzrhlr

Thc~oumpor- I F .project org ()ir. Otrattikim Rsriipw r

Thomtpson. Rt 1 n 66arg. ý ntf 11`11'41A~ýw ar-1i ;Ihv a' frý (if g~ir.Opanratifirl 'Snmijppei
Vaughri. J . TM 1, *a.stele v th intlI-- 'ni .' rr,,rj r r~ki# qu; ian'tt~d itidt-n. ftrnom thi ot rr, I(

Whitlow, V., L , ph ograplty and prtxett* ig of film r,'rord&, Oigr-4i on 1 umblr'r -snapipp#r
Witt. L. J a*-ee*t,4 with irw'.4ainn r! taimine u.-e~ arid tshbire ftorn shriters loiivattru-

Testrotat. Rt. instaI ýý,6wn of mexor re". anrr

The following. persomwmi from Itteapon Etfee's D~pArlmrntr under the dirtet lion of Dr, L.. F,
Con assixtod in the, anayis. of the 4ete robutirviid otith'ese rv*asurerntrints:4

T 9 , o
51V Murp**y

IR. A. R~chard$qan -

J1. D). SL .. ve. Jr. *,>

3.Tfdd, Jr.
AA

All data We. ?"Wed bY the Mathematical Servic,#& Division. 5242, of Sandia C~rPoratio .*

ZC RET -
-~.. ..... - -

-.- -- Z

ff', -
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SSTS 26 June 1995

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER
ATTN: OCD/MR. BILL BUSH

SUBJECT: Declassification of Report

The following reports have been reviewed by the Defense
Nuclear Agency Security Office (ISTS):

Report No: AD No:

,_WT- 1473 ... /z

- WT-501
- WT-301" "
- WT-1109 6-t18

WT-1103 &I-I. -A/-
WT-1108 - - "/-
WT-1101-"WT- 1102 6qýý•9 ' "-/

SWT-1407 4z-7•2f/

A- ••WT - 1403 &
- WT- 1614 W355492v
-WT- 1155 6 ý-

POR-2280V j-345753-"

WT-9003 v 3-2-/- -
- WT-1501 - '( '- IT --

The security office has declassified all of the listed
reports. Further, distribution statement "A" applies to all of
the reports.

FOR THE DIRECTOR:

JOSEPHINE B. WOOD
Chief, Technical Support


